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ABSTfiACT 

Discussed are the Iffiportance cf soil to plant and 
tmai life, the evolution of a sell profile, and the aajcr Rinds of 
"WlX in the Onited States. On a suggested field trip, students 
examine different kinds of soil profiles; they algc measure soil 
•acidity and water-holding capacity. Suggestions for. further study are 
provided along wi-th references and a glossary. (Authoz/flE) 
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This pamphlet discusses the importance of • 
soil to plant and animal life, the evolution of a 
soil profile, and the major kinds of soil m.the 
United States. On a field trip students examrne 
different kinds of soil profiles; they also measure 
soil acidity and water-holding capacity. ^ 

Dr Henry Foth is Professor of Soils at MicHi-. 
nan State Mniversity where he teaches soil - 
science with an emphasis on investigation. He 
is interested in studying soils in the field, and 
many of his publications have, dealt with the 
.relationship of soils to platits: He coautliored 
the book Fundamentals Qf Spil Sc/ence.and was 
a writer for the ESCP text investigating the 
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Director of the Water Resources Research In- 
stitute* at Kansas State University: His interests 
Include the effect of irrigation on the chemical 
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from both soils arid plants, He has coauthored 
two soil laboratory manuals and was a writer 
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Subdivision and Chairman-£fect of the Resi- 
dent Education Division for the American Society 
of Agronomy. 
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INTRODUCTION 

- It would be hard to imagine a less promising 
place for life than the eaiih when it was first formed. 
No one is surf precisely when this occurred, but 
earth scientikts place the date about five billion 
years a©D. Mjiny scientists believe that the earth 
was originajly composed of molten rock which 
^iJowly copied* forming a thin crust <?f sohd rock. 
There was no an|mal or plant life. Intact, there was 
* nosoii |n which plants could have grown. 

^ome plants can grow on bare rock today vYoji 
have probably seen the beautiful grayish-green 
plants Called lichens that commonly live on rocks 
(Figure 1). In Hawaii, fantastic tall plants ciailed 
silver swords grow on bare lava. Biit mo§t plants 
need soil in which to grow, and all animals need 
plants to survive. 
^ 1^ is soil formed frorfi bare rocks? What rote 
does soil play in supporting plants and animals? 
How does soir supply essential nourishing ingre- 
dients, or nutrients, to living things? What is the 
sourqe of these nlitricnts? How does the soil absoii? 
Water that falls as rain? Why are some soik fertile 
! and others not? 

. Earth scientists ask all these questions* Soil sci- 
entists study the role of soil in the balance of life 
on earth, searching for ways to help people in areas t 
like farming, city planning, or fiood control. 
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THE IMPORTANCE OF SOIL 

Soil ^supplies staler, nufricjits. aiul snpporl Tor 
phiMls. Il a!si> serves inati in many iUhcr w-ays. - 
Homes. n>aiis, ami cities are Iniil! lui soil. Proper 
filtraiion through soil purifies waler eontainififi 
sewauc and similar waste proiiuels. Water evap^ 
. oratcti i'lom the soil cools and hefps regulate the 
tempeiature t)n earth. [ - \ 

A Sourcf ot Plant Nutrients • 

V . Alniosf every griming piant rctpMrc^ lf> chciTiicai 
clcmcnlN .IS miliiciifs. I wclvc of the If) elements 
essL'tilial Uh plant growth are supplied by rock and 
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mineral paitictes in the soil (Figurl; 2). Of the re- 
maimng four* carbon and oxygen ar^taken from the 
air. hydrogen from >ater%tored m the soiU and 
nitrogen from organic matter present in 4he soil. 
Thus soil Unks the nonliving worid \pf. rocks and 
minerals with the living world of plants\and animals. 

Even plants growii^ in the oceans if se; nutrients 
from the soil In a process called /£?<it/ii>i^, rain- 
water seeping through the soil dissolves and carries 
away nutrients, some of them as fai- as the oceay\,s. 
There microscopic plants utilize these^nutrientg; 
they, in turn, serve as fo^xi fpr aninials, including 
fish. ^ \ . 




Figure 2^ Lack of any 
"of the essential ete- - 
inents produces cNar- 
acteri^fc symptoms 
in plants. Symptoms 
ol manganese defl- 
ci^nty Include dark 
gr^n leaf veins' and 
A^ltoW ifjtervein areas. 
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\ In humid a^ea!^^, the- ability of the soil to supply 
nutrients'to plants^is reduced as nutrients from dead 
plants and animals ai?e leached carried ^way by 
'•water Sleeping ' through the soil Leachi ng , thus 
,makes soils IcsjJ fertile or able to support plant 
growth. The extehtVof leaching' and the resulting 
degree of soii.fertility aft^ts the vidue of the land 
for crop prodiiCtioh. Forests niay grow in leached 
soDs, "however, because 4rees have deeply penetrat- 
• tng roots and may tak^ many years to obtain all the 
nutrients they ji^ed. By contrast,^ com plant must 
o'btain all of its nutnents within fou^ or five months. 
Consequently, crops that grovV rapidly require fer- 
tile soils. In colonial days, settlers found that many 
soils where forests had-grown could not supjwrt 
rapidly growing crops. Squanto, an Indian, showed 
the Pilgrims how to bury a deaid fish.near each till 
of corn to supply nutrients .to the corn as the fish 
decomposed 

During th?- westward migrjition in the early his- 
tory of the United States, land was rapidly cleared 
and crops were planted until the soil's fertility was 
exhausted. Then the settlers moved farther, west to 
spek more fertile land.. In 1906, Hilgard, an early 
American soil scientist", observed that com yields 
dropped from 25 bushels per acre the first ye^ to 
less than 10. the third year in soils that.had devel- 
oped under ipng-leaved pines on the uplands of the 
cotton-producing states. In an area where the short- 
leaf pine was also present-, however, good crop 
production would last longer. And the presence of 
oak -and hickory .meant^ slill longer period of good 
production without added fertilizer. In other words, 
Hilgard showed that the native vegetation was an 
indicator of the soil's prpductivity for agricultural 
crops. * . 

Moving to find more fertile land was. a common 
practice throughout the world until m^n began to 
understand the needs of the soil and the crops he 
grew. In the midrnineteenth century it was dis- 
covered that leaching produced acid soil, which 




limited plant growth. It was also found that lime 
(calcium oxide) or limestone (<;alcium carbonate) 
neutralized the acidity and improved crop produc- 
tion. Lirqe and other fertilizers are now comfflonly 
added to soils to replace nutrients that have been 
leached out; This practice stabilizes crop produc- 
tion, fiot only in former forested areas, but.wlierever 
calciurn oj other essential nutrients are lacking. 
.Today,, the manufacture and sale of fertilizers is an 
inipdrtam industry in the Uptited States. In fact, the 
addition of fertilizer is estimated to account for 
over 25^percent of agricultural production. In- 
creased crop production through the use of fertil- 
izers is considered one of the m^ior ways to enable 
many upderdeveloped countries to feed their 
people. 

In the early history of the United States, when 
much less was kno^vn about soils and the crops 
w'e grew, most of our population lived on farms. 
Today the art of soil management is part of the 
technology that enables each American farm 
worker to produce enough fopd for himself and 34 
other people. This striking efficiency resulted from 
studies t)f both soils and crops. 

• ■ 

A Source of Water / . 

The water held iti soil is essential to all living 
things on our planet, including man. PJant roots 
absorb the 12 essential nutrients fronS the soil in 
the form of a solution. Water is held in the soiKin- 
thin films on the soil particles, usually le^s than 
0.000008 millimeter thick. Plant roots are espe- 
• cially effective in obtaming this film of water from 
the soil. For example, a single rye plant grown for 
only four months in 0,03 cubicSneter of soil devel- 
oped 620 kilometers of roots plus 10,600 kilom- 
eters of root hairs. Together^ the roots and root 
hairs gave an estimated area of almost 650 square 
metiers of plant tissue; through which water could be 
absorbed. Roots penetrated every crevice of the 




Figure' 3. Apparatus 
fised at Cornell Unl- 
versil^ 10 cretermtna 
the -water, requiro- 
ments of plants under 
natural conditions. 



soil because, on the average, there was less than^ 
0,05 miliimcter between root surfaces. 

The soil is a ^eat reservoir of water. Dig in the 
soil almpst anywhere a day or two after a rain; you 
\yill find it moist within just a few centimeters of the 
surface. In KanS^, more water is stored in the soil 
at one time than is carried by th^ rivers of that stkte 
in an entire year. Most people know that plants ob- 
tain water from the soil through their roots; how- 
. ever, few i^ike just how much water plants 'actu- 
ally need (Figure 3). To grow a single kilogram of 
wheat requires about 500 kilograms of water. Plants 
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require quantities of water rftany limes your weight 
each day to grow^ough to supply your daily food: 
Water evaporated from the sOil and through plant 
leaves also' serves to air-condition the earth. To 
evaporate a gram of water requires almost 3000 
times more energy than to heat ^ grara of soil one 
degree Celsius: Because the energy 4o evaporate 
water from the soil comes from the heat in adjacent 
soil particles, evaporation is a cooling processi 
Without water to evaporate, the sun would qui<ikly 
heat the earth to a lemperature that man probably 
could not survive. . " 



EVOLUTION OF 
A SOIL PROFILE 

The physical and chemical breakdown of rock 
at tl^e earth's surface, known as ^v^af/ierm^?, pro- 
duces a layer on the earth's surface which we call 
^(^iX Weathering continues even afier the soil mate- 
rial is formed. Other changes also occiir, so\hat 
layers develop in the upper fe w nieter$ of the weath^ 
ered debris. Each of these layers differs from adja- 
cent layers in some way. Collectively, the vertical 
soil layers are called a mil profile. , 

Soil profiles' are producj^d ovei: hundreds 
thousands of years. The time required for a soil 
profile to form depends on wliefher fiarijl rock must 
first be weathered down or the profile forms in loose 
sediments. The climate also plays a role in deter- 
mining the rate at which soil profiles develpp. As 
you may have guessed, soil prpfiles With few layers 
are youti^ul or immature soils. Mature or: old soils 
will have a greater number of layei^, c^led Viar/- 
zons, and the horizons will be more sharply ^iftevr 
entiated (Figure* 4). THfe developnient of soil hori-. 
zons is like the development of ^wftnkles on a. 
person's face. Old a^ Is associated with nu^y 
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Fig'ore 4. Layeri 
, called Tiofizoas make 

up the soil profile. 

Each hprizon ijiffers 

from adjacent • Hofi- 
* zbm in one or. more 

properties. . 





deep-^seatpd wrinkles, while youth it^&ssociated 
with smooth skin and f^w, if anyvWrinkles. 

. ■ . ■ \^ 

Imisature Soil Profiles 

If moisture and temperature are favorable, plants 
quickly gain a foothold in the loose mineral debris 

an the earth's surface. Growing plants protect the 
soil from the action of raindrops and sl5w the move- 
mem of water oyer the soil. As a result. mpre water 
enters the soil and is stored there to speed up , 

• W4jathering ^d be used by plants. Since vegetation 
r^ces both raindrop splash and runoff, the rate 
of et^iimi, the removal of rock ^ej)ris and soil, 
under vegetatiQn Is much less than on a hare surface- 
Once plants are established, the small weathered. 



ERIC 



partiqfes that might otherwise be easily, eroded tend 
to remain in plage. In thk way the plant coyer helps 
weathering and soil-forming processes keejp ahead- 
of ef psion. Consequently* the soil tecomes thicker 
with time, ^ v / ' 

Plants also promote weathering and soil develop- 
* ment in a nurfitl^er of other ways. Roots expanding 
in cracks in rpcks help break the rocks apart. Have 
you ever stubbed your toe on a sidewalk that has 
Befen cracked and th^ lifted by a tree root growing 
underneath? i*lant roots also give off carbon dioxide 
; as they breathe. Carbon dioxide (CO^) reacts with 
the >afer (H2O) itf the soil to form oarbolijc acid 
(H^c6;,)v which increases the rate al which many 
4 minerals weather: ^ 



The Weathering process^ in tum^ makes soluble and 
ready for use 12 of the 1 6 essential elements plants 
-need.--: ' _ . ; 
Microorganisms also contribute to weathering. ^ 
- There are probably more microorganisms such as . 
^ bacteria and fungi in a teas|K)anful of soil than 
/ people on the earth. They exhale carbon dipxide, 
; which contributes to carbonic acid formation. While 
soil minerals generally do not contain nitrogen, a 
. ; nutrient essential far plant growth* certain bacteria 
convert nitrogen gas, taken from the ajr, to forms 
that plants can use. When the plants die and decay, 

^some of thisi nitrogen is xeleased for use4jy the next 

generation pf growing plants. Much of it, however, 
jremaihs in the humus, the Organic residue formed 
by the decomposition process. Humtis is a primary - 
source of nitrogen tor plants^and is therefore a 
: , valuable soil constituent. V ^ 

The dark-colored humus causes the uppermost 
layer to become diujcer than the* underlying soil 
The dark-colored layer containing humus is the 
topsii?il a£id is called fhe>4 harizofi. In thp immature ^ 
; , soil shown in Figure SA, the topsoil lie^; directly on 
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Figure 5, W Imma- 
ture solf formed di- 
rectiy from bedrock- 
\B) Immature soil 
formed from uncon- 
sQiidaled sediment 



top of the. bedrock, which is^^solid or consotidated 

rock. ' • 

Most soils arid loose rock above bedrock arcsuo- 
ject ta„some degree of erosion. The . materials being 
carrieS from one place are eventualty. deposited 
elsewhere as sediments. Youthful pr immature soils 
: may develop on these deposited iSdiments (Figure 
5B). immature soils are thin and have only two 
major horizons, the topsoil or A horizon and the 
underlying parent material, called either a G or an 
R horizon. If the material is Unconsolidated or loose- 
as in Figure 5B, the substratum or parent material 
Js^ciiy a C^ori'^ort. if the underlying material is 
cbnsolidate4 roek as in Figure 5 A, it is called an 
R horizon. Mature/^oiii have an additional horizon, 
the iubsoil ox B horizon, sandwiched between the 
A horizon and 4lie substi^um- (Figure 4), 



Mature Soil Profiles 

Suppose you could return after 1 ^,0«>'ye^rs to 
examine the site shown in Figure 5 A. What changes 
would have taken place? A number of'possibilities 
^xist: If the rate of weathering and soil forfijation 



(jontimied to exceed the rate of erosion, the soil 
would have become deeper. On the other hand* if 
the erosion rate had increased, the"* soil could have 
been removed. If the weathering and soil formation 
processes were balanced with the erosional forces, 
: the soil would appear much the same as it cbes ndw< 

Immature soils exist in some places because of 
the stow rate of bedrock breakup/ Rapid erosion 
may also keep soils thin and immature- The abun- 
dance of sediments - and the slow rate of erosion 
under most natural vegetation covers account for 
most soils in the United States being mature. 
. The soil shown in Figure 6 has *more horizbns^ 
than the soils shown in Figure 5. Notice that it has 
# both a subsoil or B horizon and an A horizon com- 
posed of two subhorijtpns. It is a mature soil de- 
^ veloped from glacial debris that was deposited 
when.ar^continental glacier— a great sheet of ice 
mat extended downward from Canada— melted in 
southern Michigan about 12,000 years ago: 

As the glaciers spread southward they picked up 
and carried both soil material and rock fragments 
with them. When the ice melted, it left the ground 
covered with a mixture of rock debris ranging from 
boulders to cliay,.Rnown as fi7/. Plants quickly in- 
vaded the area. In -time a forest was established. 
Most of the organic matter added to the soil came 
from tree leaves jvhich feu on the ground. Conse- 
quently, a thin topsoil rich in humus develoi^d. 
After perhaps 1 00 years a thin soil, similar to that 
-in fngurc^, existed m the jupj^ i?art of the^ till. 

Waiter carl^ of carbonic acid 

downward through the soil. Aft6r a few hundred 
years*, enough c^l^nic acid hSKl parsed through 
Ihe'Sbii tb di&s6>lve the faddish-brown ijpn oxide 
coatings from the mineral particles in the sut^eer 
layer. Iron ^n these oxide coatings had bteft pro-, 
duced by the release of iron from minerals by 
Wdikhering. Later the 'iron reacted with oxygen Iji 
the air between the mineral particles to form iron 
o^ide like that produced when metal rusts. Removal 
pf iron oxide coatings from the minenil grains just 
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est soH tormed from 
Q\BP\a\ tilt, and corrs- 
sponding graph show^ 
^ mg ciay distribution. 





under the humus-enriched layer produced a light 
^ gray :fone. The topsoit remained dark because of 

* its high humus content 

The thin dark-colored topsdil lay^iti called the 
A I hdriiim. The gray or light-colored kiyer, where 
the rfimoyaj of iron oxide is most apparent, is called 
the A2 horizon. Both wbhoriions, which together 
mak^»up thejentire A horizon, lie above the subsoil* 
or B horizop. - * - 

Soni^of the snflallest mineral gUrticles (clay and 
iron oxiqie) were Carried- downward out of She A 

* horizon as water" seeped through t1hie >oil. The fine 
pores of the ufiderlying soil act^d soniewhat^like 
a sieve and the small particles w^re sifted and eal*^ 

^ lectcd jn the subsoil A typical clay distribution 
curve for a rrtatqre forest soil ?i shown^^'Kigure 6; 
Clay- content is lowest in the A horizdn because 
clay has been removed* Clay content i| highest in 

- the B horizon because the clay transported from 
the A horizon has accumulated there. The same* is 
true Ibr iron oxide; 30 the B horizon is darker/Be- 
cause of its higher clay content »■ the B horizon is 
mui^h harder to plow or dig than the tbpspil. As the 
clay content increases, cl;ay particles block , the 
spaces between the larger particles. Plant root 
penetration becomes more difficult, and, wateif 
moves more sjowly through th^R horizon. 

Below the 8 horizon lies tnerelatiyely unaltered 
glacial till. This is thefc horizon or parent material. 
Soil scientists beheve that calcium C£U*bonate 
(CaCQa) was pnqel present throughout the entire 
soil depth, because it is still present in the C hori- 
zon, it is thought that frequent leaching with water 
containing small amounts of carbonic acid removed 
the calcium carbonate from^ the A and B horizons* ^ 
Because calciup\ cartK>nate is one of the mor^ solu- 
ble substajices found in soii'4 i!s presence in the C 
horizon indicates that weathering has been less 
severe ther^than in the A and B horizons, 

> v Forests goiterally occur m* areas of high rainfall 
where the climate is humid, whereas grassy vegeta- 
tion develops in a}:eas of moderate or low rainfall 



where the climate Is drier. The same basic processes 
of weathering, plant growth, and movement of 
materials by water which'occur in forest soils also 
occur in grassland soils. However, grassland areas 
have less rain and less water seeping thKOugh the 
soil. Thel-efore weathering ijpes not proceed as 
rarlidly.' Furthermore, grass grows much differently 
from trees. The humus content* of grassland soils isr, 
much higher than that of forest soils Ijecause the 
growth of. the fibrous root system of the grass 
rapidly adds oiganic matter to 'the soil. Conse- 
quently, grassland soii§ differ from, forest soils it) 
several imlx)rtant ways, the A horizon in the grass- 
land soil (Figure 7). is much - darker and much 
thicker than the topsoil or Al horizon in the forest 
soils (Figure 6).. This is because of the fibrous grass 
roots that contribute oi^ic matter to a thick layer 
of soil, the boundary between the A and B horizons" 
in the grassland soils is diffuse and hard to see. 

Evidence of leaching, the ilepth where the A2 
horizon shows in the forest soil is not present in the 
grassland soir, so the A2- horizon is absent.. The. 
dark color goes so deep because of the high amount 
of organic matter d^ep in the soil. The P horizon 
can be differentiated from the A horizon by its. 
greater stickiness or clay content Some clay moves 
downward from the A l« horizon to the B horizon' 
so that the clay distributjon pattfiirn for mature 
grassland soil (Figure 7) is similar to that for forest 
soil (Figure 6); It is evident that the miaorhorizohs 
in the grassland soil , are a thick A I horizon, a^ 
horizon, and a C horizon. , - v 

Leachhig and liutriem removal is much less se- 
vere in low-rainfall areasthan in forests. Asa result, 
grassland soils usually contain more plant nutrients 
than do forest soils. In addition, the A and R hori- 
zons of grassland soils usually contain calcium 
carbonate befause rainfall has not been great 
. enough to dissolve it^and leach it from the soil. In 
contrast, the A and B horizons of forest soils are 
typically leached of calcium caitpnatfe.Jn Figure 7, 



a lai^e quantitiMsf oalcium cartK)nate is present in 
the, soil belovv a depth of one meter. The calcium 
carbonate leached from the uptf^r ^art of the soil 
^ has ;been. deposited there by water penetrating to 
that depth faring the wettest season of the year. 
Calcium carbonate imparts a. gray-white colornto^ 
the soil and supplies ^undant calcium to growing 
plants. 
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•Rigure 7' Typical ma- 
ture soil developad 
under grass in a sub- 
humid climate, and 
corresponding gr^h. 
showing islay cjistrilju- 
tion. 





MAJOR KINDS OF SOILS 
IN THE UNITED STATES". 

Immature soils qccur where the hardnesi of fock^ 
rapidity of erosion, or laek of time have prevented 
the development of matyre soils. They are therefor^ 
coinmon in mountainous regions. Soifs located 
where flooding occurs regularly are coimmonly im- 
mature because new parent inaterial is deposited 
with each flood and the soil hori2ons haVe little time 
to develop. On the other hmd, mature soils reflect 
the. weathering pattern whene dtmate and vegeta- 
tion have been able ib ^*/ork their full effect.. For 
Ihis reason, mature soi^s may ^velop in a^ven 
locality from materials ranging from glacial.till to . 
timestdne, granite, or sedim^nfti! 

The generalized soil map in Figure 8 shows the 
distribution of the m^or kinds of mature soils in 
the United States. Representative soil profiles- 
vertical cross sections of soils— are depicted for 
each ni^jor arek. While these profiles a*e basically . 
representative of the soils in the areas, local varia- . 
tions must be ejipected. From the map, you can tell 
whether you are located- in an area that is pre- 
dominately forest or grassland. 

Forest Soils 

The great forested area extends over the eastern 
part of the United States (Figure 8). Soils that 
develop throughout this region have many proper- 
ties in common . For exampla, the soil in a northern 
forested area has a thin topsoil Euid* the same hori- 
zon sequ^nee.(Al,A2,.B, C), as the soil in a south- : 
em forested area. In each, the iron oxiSes have 
been removed from the A2 horizon to leave a lights- 
tjplored layer directly underneath a thin tOBS*^. 
However, there is' a difference in subsoil colors 
• associated with these two different forested soils. 
Gray-brown subsoil colors predominale in 4he 
northern soils, whereas in the southern- soils red 
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and yellow qplors predoijtihate. Greater oxid^on 
, anddeftydratioh of iron oxides produces the bri^ter 
' colors in regions of higher temperatures. 

When forested soils are . plowed, the thin topsoil 
or Al horizon is often mixed with the A2 horizon. 
The resulting mixture is relatively Ipw in nutrients , 
because of the intense weathering and leaching that 
occur during soil formation. Lime and otheV fer- 
tilizers must be adde^ for profitable crop produc- 
tion.. - ' ' - • . . 

.Prairie Sous ^ • 

The prairie . soil region on the m^ (Figjure 8) is 
unique. Rainfall is sufficient for forests, but the 
natural vegetation is grass. American Indians used 
'fire to drive game; this is Jbelieved by some to be one 
reason that the area was not forested. Prairie soils 
that developed here resemble forest soils because 
there has been eriou^ rainfall to leach the calcium 
carbonate from the topsoil and subsoil; on the other 
hand, they resemble grassland soils of the sub- 
humid' regions because their high humus content 
results in a deep, dark topsoil The area of prairie 
soils comprises most of the Com BeU and incllides 
parts of Illinois, lowai Minnesota, and adjacent' 
states. Prairie soils ar^ among the most productive 
tn the world because of their deep topsoil with a 
high hu'mus content, and ample rainfall during' the 
summer. ; 

Grasslaiid Soils of the ^reat Plains 

A great area of grass and shrubs Hes bet^Meen the 
Rocky Mountains and the forested areas of 
eastern states. This re^n generally coinctdes-wilh; 
the area called the Great Plains. Mush of, the land 
' in the more arid western part is used for grazing 
-cattle. The area is also kt^own as the Wheat Belt, 
Wheat is better adapted to the subhumid and semi- 
arid climate of this area than are corn &nd soybeans, 
vvhich grow better in the more humid climate of thf 
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Corn Belt. Note tftat the prairie, soils are very 
similar to the grassland soils (Figure 8). Both have, 
thick lopsoil horizons, and neither has the A2 hori-; 
2on that is characteristic of the forest soils. The 
absence of the A2 horizpii indicates that weather- 
ing and leaching have been less severe in the soils 
developed under grass than in the forest soils. Be- 
cause of this; Iraissland soils contain calcium car- 
bonatev as,shown by the gray-white colors in the C 
horizon. , 

The topsoii in the prairie region is somewhat 
thicker than in the grassland soils, but differences 
in topsojl thickness are most striking when grass- 
land soils arfe compared to. forest, soils. Because ■ 
relatively few nutrients have been leached from the 
grassland soils and the topsoii is high in organic 
matter, grassland soils are inherently more fertile 
than forested soils. 

Desert Soiis 

V Desert soils occur in the arid regions of the west. 
Due to low rainfalU vegetation is sparse, and little 
organic matter accumulates in the soil Few nutri- 
ents or soluble materials are leached from the soil 
because of the low rainfall. Consequently, these 
soils are ordinarily- fertile. Many ancient civiliza- 
tions constructed irrigation systems to supply water 
to their desert soils. Some authorities believe it was 
easier for these people to supply water to a dry but 
.otherwise fertile desert than it was to supply nutri- _ 
ents to the relatively infertile forested areas, 



Sitminary ! ■ -..k. •. . • ■ » ■ 

' The specific p%^ies^ and appearance of .a soil ncj'. 
are determined by tlie kind ©f parent material artd 
the en v^iliuihf^inQlui^ng dimate. Vegetation, * 
* , ..^ jmd .sl6p6^under which the soil developed; These . . , . 
'factorik act over a period^ of time to traiysfdfm soil 
material into soil profiY^s.' Similar' S6il profiles .de- 
- yelop whenever simi^ combinations of thes^, 

' - J- ' •' ' ■ ' '--^ : • • 
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factors m'e found- For exampie, deep topsoiis<^e 
characteristic of mature soils developed under 
grass. Forest soils characteristically have thin top- 
soils. Soils in humid regions usually contain little 
or no calcium carbonate, wheretis soils in the sub- 
humid regions and the drier regions usually contain 
calcium garljphate/ 

STUDY OF A SOIL PROFILE 

. We commonly observe the surface of^a soil but 
rarely make the effort .to i&xanijne the^fiole soil 
profite. A growing plant^ hoyeveri **examines'* the 
entire soil. T|ie plant germinates in the topsoil and 
its roots grow downward, Uirough the subsoil (and 
sometimes through'the parent material) to obtain 
wiiter, oxygen, and nutrients. All of the soil liori- 
zohs penetrated by the roots contritJute to plant 
growth, ffe sure to examine the whole soil'fjrofile 
arid not just the surface. 

Field Trip Preparation^ . 

^ Wear old clothes ^md take the following materials 
to the field:, 
Pencil and notebwk ^ 
Rul^ / . ; _ * . 
Pocket knife ' 
. Dilute hydrtKhloric adid {10% 4iolution in a 1-oz 
dropper bottle; avaikble in mostJirii^ 
Spade or shovel 

About eight small paper sacks for bulk samples 
Materials to ,construct miniature soil profiles; 
Bottle of glue (whitei^lue or, mo^el glue) 
Soil sampler (construct sampler by punchihg a 

hole in half of a metal aspirin box) 
1-2 pieces of cardboard or mariila folder cut to . 
. fit into the soil sampler , 
^ Two 1 3 cm X 20 cm pieces of cardlKjard 
Be sure to ask fjermission from the owner to do 
your study if the site yoi^lKK>se is l€K:ated on 

I • ■ 
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pHvate property. Sciect sije^ that have hbrizotis 
. that are the result of mtural soil-forming processes 
* and not due to man's earth-moving activities. Areas 
where the topsoil has been scraped off of that haye 
been filled tiuring construction activities should be 
avoided. For your first site sfeleCt an upland Ipca- 
tion.that is not subject to flooding, so that the soil 
is not nierely a recent accumulation of v?ater-def30St . 
ited sediment. You may want to ask an earth sei- 
ehce instructor; for help in selecting a site. Your 
goal is to find a location, where natural.processes 
'have had sufficient time to iievelop soil.hojctzons. 
< Ohoosea second location that contrasts wit*Ube 
soil at the first site. Gehferaily the kind of soil 
. changes each time, toppgrs^hyy vegetation, or 
paretU material changes. (Consequently vsoils at thei 
'top-of a hill commonly differ from those at thfe bot- 
toip,. soils on'an uplanjl site from those; in the low- 
■ lanids along a stream, and soils in forested areas 
frohi thiise in grasslands. . • 
■ To examine the entire«s6il profile extending firom 
the topsoil down to the parent material- you will 
have to expose one to two meters of soil. So try 
to select soii that is already exposed in a roadcut, a 
gravel pit. a ravine, or an excavation for a building. 

A Look at the Whoie Soil * 

* After the soil, profile has been exposed.for study, 
make sure that the surface represents fresh soil and 
,is riot marred with distracting shQvel niarks. Use 

your pocket knife to chip aWay the pufer material 
to expose fresh soil. Start at the top and woi'k'idown 
through tfie. underlying horizon^ THe fresh surface 

• expose<5 in this. mariner will give you j. clearer. view 
of the soil hdrixons and their properties^; When this 
is finisha^, stand ba'ck about two meters to get a 
good look at the entire profile. Now decide whether 
the soil, is mature or immature, and whether it is a 
forest, grassland, or desert soil. Use figures 5A, 
5B, 6, 7, and 8 for comparison. An immature soil 

Awill. haA'e only A and C (or R) horizons. A mature 



j^ossiand soil wilt have A, B. and C (or R) horizons^ 
white a niature forest soil will have A ! , A2, B, and 
C (or R) horizons* . 

Now move close to the soil and iocate the bound- 
aries between horizons. Gehemlly each hprizoii , 
has a distinctive color by which it can be distin- 
guished from adjacent horizons. In soils the true 
color of the mineral particles may be masked be- 
cause man^ of the particles^ become coated with 
humus^or iron oxide. The surface horiEpn ijj dis- 
tinctive due to Ih? dark<:olored humus present 
The A2 horizons jcan be recognized by their.light 
color* In forest soils there is a Sharp contrast be- 
tween th^ark^colpred topsojl and the ught gray^ 
: A2 horizcnf \^eh lies directly below it. An abun- 
^ <)ance of calcium carbonate in any hori:£on wilt teijd 
to give that horizon a lighter color. Some layers of 
calcium carbonate accumulation may even be 
gray- white. . «• 

The presence of calcium caH>pnate in soil can be 
detecled/With dilute hydrochloric acid. Hydro- 
chloric aqd reacts with calcium carbonate to re- 
lease carbon dioxide gas. To tgst .fot calcium car- 
bonate, add a drop or t^o of JiydrcK:hloric acid to 
the soil. If calcium cart)onate is present, bubbles of 

carbc^ dioxide will form and break rapidly^ 

- * *■ - t '■ 

2HCr + CaCOs — CO2 t + 
(hydrpchioric ^calcium (carbon « 

acid) carbonate) dioxide) 

H2O + CaClj.' 
■ - • (watery " ^{catci urn 

, chloride) 

V/-. • . ■ ■ ■ ■ ■ - 

Start at the ^surface and check for calcium car- 
bonate about every 1 5 centimeters as you go down 
the profile. The junction where a layer containing 
calciuni cartonate meets a calcium carbonate-free 
layer usually represents a soil horizon boundary, " 
"In humid areas there may t^lio calcium carlK>nate 
in the entire s»il depth exposed. . 

■ ■ , ■ - :2f:. ■ 
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TYPICAL SQIL STRUCTURE TYPES 




The sail structure, the way soil particles arc ar- P^me 9. Shapes ot 
, range^Twill also help you distinguish one horizon aapr^gatas; 
from another. The soil structure in most surface ' 
soil^ consists of rounded ai?i'ri'j^i£7f^i^ ' - 

or ctustei's of soil particles loosely cemented to- 
gether. In the B horizons the agigregates are more 
. angular or bloclfy. Use Figure 9 to help decide the / 
kind pf structure present. * ^ ' ^ ■ 

Aggregates ar^^ held together mainly by the * 
binding action of uje clay and humus they contain. " . 

In a muddy area soil sticks tb your shoes^ ctiiefly 
because of . the stickiness of clay.'Vou can often 
walk on wet sandy soil without getting muddy and ' 
/without compacting the sbil. This is one reason 
— that^oif ^rc^ns contanr a liigh j^roportibh of-sand. — ^ - ^ — 
Soil horizons that contain . very little clay and 
humufe usually do not contain aggregates. In these^ 
horizons the structure is calleci single-grained'f it is 
common in highly sandy soils. Aggregates are also 
absent from some fine-textured horizons where tl^e 
; soil material exists als large compact masses. Such 
structure is called moiSiS/vf. 
. The clky content of the^ si|bsoU or B horizon is 
typically greater than that of the A horizon (Figures 



6 and 7), Momten a sm^l ball of soil and knead it 
with your fing^rij to the consistency of putty- The, 
higher tiie clay contents the stickier and more plas- 
tic the soil mass win bd ph the other hand, the 
higher the cfay content, the harder it will be to 
crush dry soil aggregates. As 'you exposed fresh 
soil witli your pocket knife, perhaps you found 
some layers from which the soil chipped away 
more easily than from others- The soil mas^ is 
firmer an^ harder to penetrate in areas high in clay 
content Likewise the. structure is usually be^t de^ 
veloped and easiest to see in the B horizon where 
the clay content is highest. A blocky type of struc- 
ture is most commonly found in the B horizon. 



T£d)le 1- Characteristics of a Sample Soil Profile 



Horizon / Lime Numl^r 

iind Depth Color Structure Test of Rwts pH 



... dark 
Al 0-^0 'cm brown granular. 


negative 


many 


5.7 


yellow . weak. 
A2 20-50 cm brown platy 


negative 


"few 


' 5'S 


B 50^130 brown Wocky 


negative 


.,few 


6.4 


Itghi blocky to 
C 130 cm brown massive. 


positive 


few 


7.8 



Using these instructions, decide which horizons 
are present. If you are still in doubt, use your knife 
to take a small sample (about a tablespoonful) of 
soil every 1 5 centinietersYrom the top to the bottom 
of the exposure. Lay these samples side by side on 
a piece of paper and in the same order that they 
/ existed in the soil. This wilt m^ike the changes in 
color, structure^ arid clay content more apparent 
and provide clues as to the location of horizon 
lK>undaries. 

Sometimes the boundaries between horizons are 
sharp and clear; sometimes they are indistinct and 
marked by a transition rather than a sharp dividing 
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1ine.:After you have located the horizon boundaries, 
clearly marjk them on the exposure face with S|our 
knife sp that you C4w locate the horizons qui(^ly. 
S^t the results of ^our tests as in T|ble 1 . See ^oil 
Acidity for fi disc|Ssion of pH. ; 

Maldng a Mbiature Sou Profile 

. . When you have identified-the horizon boundarids, 
you are ready to make a miniature soil profile that 
■ -will serve as a permanent record of your observa- 
tions. Tljis consists of small samples of each hbrl- 
Eon mounted on a piece of cardboard (Figures 10 
and 1 1). By making a miniature profile, you will b« 
aWe to take home a representative sample of th4 
entire soil profile^^ In addition^^^ou will be able t® 
see more clearly the differences between soil hdri-' 
zons and be able to compare the horizons and prop- 
erties of the two soils you examined. When you 
have collected various kinds of soils in your com- 
munity> you can easily compare their properties. 

The procedure for making the miniature profile is 
shown in Figure 10: 
ij. Place a cardboard chip'in the bottom of your 
soil sampler.- • 

2) Spread some glue on the cardboard chip. 

3) Press the sampler into a chunk of soil taken 
from the uppermost horizon. 

4) Break off excess earth with your pocket knife. 
' leaving a natural surface about the thickness 

1_ of the_sampler depth. Do not cut the sample off 
even with the edges of the sampler, as the 
, process of cutting destroys the natural ap- 
jxsarance. 

. 5) Push the Up of a pencil through the hole in 
the sampler to remove the sample. 

6) Draw the Soil profile to scale on the mounting 
board to show the illative thickness of each 

. ; horizoh as in Figure 1 1 . 

7) . Glue your sample to the center of the area of 
mounting board allqcated for the uppermost 

;ir ■ ■ ■ ■■ ' -■■ ■ ■ 



horizon; * 
8) Repeat the pr^K^eiJure for the other soil hori- 
• ■ * zbns the second soil profile. When fin- 

. t^edt. place the samples in a box for safe 
transport home. 
* -;lf you have difficulty detenninihg where th^ 
^ . ; . zon boundaries are* take some arbitrary length 
^ (for<€xampIe, 20 or 30 centimeters) and take sample 
chips this distance aiwt froni the top^to the bottom 
V of the exposure: 



mlnlaturei^M profile: ' i^^^^^ 



SOIL ACIDITY 

During your study of the soil profile/ you tested 
for calcium fcarbonate by^ adding a few drops of 
dilute hydrochloric acid.to tJhieSoil sample. A bub- 
bling indicated that the hydrochloric acid had re- 
acted with calcium carbonate present in the soil. 
These bubbles, and the presence of calcium car- 
bonat€/meant th^i&oil wmalkalme rather than acid: 
If the test did not produce any^ubbles, then the 
soil yoii tested m^y be .either acid, heutrgl, or alka- 

' line- Unfortunately^ this test does not tell you any- 
thing more- Since some plants ^oW best in 'soil 
|hat is slightly »cid, others in soil that is even more 
aicid, and still Others in soil that 4s alkaline, it is 
important for the farmer or gardener to know pre- 
cisely the degree of acidity cir arttaltnity of his^soil 
Then he can change it to provide the best possible 

' soil for hii^ crop. 

Fortunately, scientists^ know that the acid content 
of soil is caused by an excess of hydi-ogen ions in 
the soil. The concentration of hydrogen ions, or 
pH, can be measured on a scale called the pH scale 
(Table 2), The pH scale shown herie ranges from 
0.0 to 14,0. Extremely acid materials, such as 
battery acid, measure about 0*0. At the oppKJsite 
extreme/ very alkaline substances like household 
lye measure about 14^0, Neutnd subs^tarices like 

^disMlieid water measure about 7,0. 

^oil usually measures somewhere tetween 4^0, 
if it is strongly acid, and 10*0, if it is strongly alka-i 

TineilWost pTanfs^ gr6>y best In t^oW ranging from 5.fr 
to slightly over. 7.0 on the pH scale. The supply of 
calcium, potassium, magnesium, arid many other 
nutrients is towered when leaching makes the soil 
acid, Wheri soil becomes too acid, lime (which is 
an alkaline substance) can make the soil more alka- 
line. On the other, hand, the low solubility of iron 
in alkaline soil can cause aft iron deficiency in m^y 
plants, so the amount of lime needed must fc^ care- 
fully calculi^led. ^ 
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TABU 2; pH {if Some Cwnmon Substances 



REACTION 



pH SCALE 




HOUSEHpLO LYE 
f~ BLEACH 

-AMMONIA 



f-* MILK OF MAGNESIA 
^•"^ BORAX 



I 



BAKINS SODA 
SEA WATER 



O 

CO 

o 



t*- BLOOD _ 
^—^OISTIOED WATER ^ 



o 



(—BOmCACID 
r- ORANGE JUICE^ 



i 



VINECAR 



LEMON JUICE 



BAHERY ACID- 



, Test the pH of soil samples obtained during your 
field trip. Most garden supply centers and hardware 
stores sell inexpensive soit-testing kits, with com- 
plete directions for their use. Or perhaps you. can 
adapt pH tests^vailablie in your school. Vou may 
also wish to test soil frbm. your lawn, a field, or a 
flower box. The pH of tap or well water may also 
be tested. Most municipal water contains enough 
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cailctum carbonate to make the wsiter alkaline. 
JLawns and gardens that ar^ watered for long 
periods of time.with such water will become alka- . 
line «ven if the soil was once acid. 

If you fin^J an acid soil, you may wish* to experi- 
mentally determine its lime requfremenis, %he 
amount of lime needed to raise the pH oT the soil, 
to 6.5. Obtain some calcium carbonate or lime 
from the chemistry laboratory and determine its 
pH. This gives a measure of the maximum pH 
change possi|>le (hrough adding lime. From the pH 
values jof the soil and the lime you can figure out 
what proportion of linte is needed. 

Take three i 000-gram soil samples with the same 
pH.'A 29-Oz can holds about 1000 grams of soil. 
Apply one, three, and", six grams respfectively of 
c^yicium ciirbonate or Ume. Grow the same kind of 
plant in each sample. Follow the pH changes by 
testing the soil at monthly intervals. The pH change 
wilt be most rapid if the soil Is moistened reguMy. 
However, to observe, the full effect of timing on the 
'^H of the soil may requice several months. Because 
the effect of lime in neutralizinyg soil acidity acts 
slowly but lasts a long time, a single application of 
calcium carbonate or lime may satisfy soil require- 
ments tor five to ten years. Lime replaces that 
which was originally present in many soils but has 
. been leached out. . • 

■ • * ■ 

JlSTUDY QE SQIL WATER^ 

Soil is an important reservoir of water for plants 
and man. The rate at which water enters the soil 
reservoir is critical in a number of processes. For 
' example, farms and some suburban area§ often 
dispose of sewage in private disposal systems con- 
sisting of a septic tank and a filter field. All sewage 
... is dischajied into the septic tanl| and the water that 
• ITows out of the tank is purified by filtering it slowly 
through the soil, if the liquid flows from the tank 
faster than it can soak- into the soil, raw sewage 
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will soon rise to the soil surface, contanunatinyB the 
su^^ifc'^d perhaps the community. ^ 

A porous soil helps guard against damaging 
flcKMls. The amount of water that runs off the Ismd 
to swell the streams during most rains is small if 
the soil is dry and cart soak up water readily. Floods 
^e most severe when the soil is wet andean absorb 
little additional water.. However, in a heavy rain- 
storrii Water fatts much faster than it cati enter the 
soil. The excess water Euns over the land, causing 
erosion- Erosion may ruin farmers' fields, fill stor- 
age re^tjrvoirs with mud and debris, and pollute 
rivers and streams. The amounts of runolf and ero- 
sion are directly related to the rate at which water 
enters the soiK 

There are two important questions about the 
soil reservoir: I) How fast can it be filled with 
water? and 2) How much water will it hold? T(y 
answer these questions, you will n6ed the follQwing 
equipmentc^ . 

Large can, preferably five to ten liters (two gal- 
lons), with both ends removed 

2V2cmX5 cmX30cmboara " 

2V2 cm X 3 V2 cm X 30 ^m:stick with a jointed end 

Hammer 

Ruler . 

Watch 

Shovel ' > 
Pencil afld paper 

About 12 liters of water ^ 
Two empty tiina fish cans 
Twopiecesofcloth 12.5cmx-l2.5cm 7 t ^ 
Two rubbei^ands to fasten cloth to cans \ 



Thei*terc« 



The Ptercolatwn Test 

The" rate at which water eriters the soil reservoir 
may be deterrriined using the percolation testiP^r- 
«form the percolation test on undisturbed soil near 
the site where you examined the soil profile. Plaee 
the large can on the. soil where the" percolation test 
is to be made. Placie the Jjqard on the caiarty protect 
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tb& edges and then drive the fcan into thie topsoil 
to a depth of five centimeters. Add water, slowly to' 
avoid disturbing the soil. Fill the can about three 
quarters full of water. With the board in plaqe, - 
lower the pointed stick until the point just touches 
the water, as shown inJFigure 12. Using the top,of 
the board as a strai^ edge, draw a line on the 
pointed stick and designate this measurement < 
No. "1. immediately record the time at which 
the meaiiuremertt was made on . a chart similar to 
Table 3. 

Table 3. Intake Rate of a So il Sample . • . - 

Elapse*! Time -Chsuigein Intake 







Time 


Interval 


Water Level 


Rttte 


ment Nu. 


Time 


{Minutes) 


(Minutes), -t<L'cntimeiers) 


(.ctn/hr) 


I 


3;00 P.M. 


0 








.2 . 


^3:10 


id 


10. 


7.8 


3 


3:20 


20 


10 


0.6 


3.6 


4 


3:30 


30 , 


10 


0.3 


1.8 


5 


4;00 




30 


0.6 


1.2 


6* 


. 4:30 


90 


30 . 


0.5 


1.0 


7 


5:00 


120 


30 


0.3 


0.6 


8 


8:30 A.M. 


1050 








9 


9;0p 


1080 


30 • 


. 0.2 


0.4 


IQ. 


9:30 


ItlO 


30 


0,2 


. 0.4 



Repeated measurements of the depth'of the Water 
will show how fast the water is entering the soil 
Measure the depth of the water at te^i-minute iri- 
tervals for the first 30 minutes and at half-hour 
intervals after that The depth of water ent?rijig the 
soil in the first tef^nunutc^intcrval equals the^is- 
tance between the lines representing measurement 
No. I and measurement No. 2 at ten minutes of 
elapsed time. ' 

. Calculate the intake rate in centimeters per hour 
for eai^ time interval and enter this value in your 
table. For example, the intake rate for the first 

. ten-minute interval in table 3 is 1.3 centin^ieters 
per ten minutes. Because there are six ten-minute 
intervals in each hour, the intake rate in centimeters 
per hoar is 6 X 1.3 » 7.8. 




Figure, 12. Setup for. 
a soil percolation test. 



i 
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Did the water intake rate change with time? 
Figure 13, a graph of the data irf Table 3, shows 
hpw the intake rate for one soil changed with time. 
The intake rate was rapid at first but slowed mark- 
edly as the soil became wet. The clay in some soils 
swells when wet and shrinks when dry. As the soil 
becomes wet and the clay swells, the pores in the 
soil becqine jsmaller and smaller and the intake 
fate decreases, in addition, water attracted to the 
surfaces of the soil particles causes a resistance to 
flow. The greater the resistance to the flow, the 
less the intake rate. 




ELAPSED imi (VilNltHS 



-Figure "tS. -Qraptv ot 
the change in rate, of 
watsr Intake in the 
topsQii layer of a soil 



TTAfter taking seven readings, 1UI the cah with 
water and leave It overnight m thai the undfldying 
soil will become thoroughly wet Th?n carefully 
refill the can to the three-<juarters mark and take 
two additional Intake-mte. measurements 'dt half- 
hour intervals. These two readings represent the 
infakie rate when, the soil is wet and would approx- 
itnate. the rate of. water intake during the wettest 
season of th^ year. This, procedure alfows for 
m^ng the test in either a wet or a dry seasdn, so 
thiU the results'.will be generally useful. ' 
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At a nearby site dig a hole ubdut l5 centimeters 
into the subsoil, cm^efully remove loo^ dirt, and 
repeat the percolation test* This site caq be pre- 
pared between readings during the first test. 

Compile your intake*rat^ data into tables similar 
to Table. 3 a^jd glue theip to the backjof the minia- 
ture profile mounting curd This will provide a 
permanent record of the data. . , 

After completing the percolation test for both 
subsoH and topsoiJ, consider the following ques- 
tions; If rain fell at that spot at the rate of 2-5 ceii- , 
timeters per hour, how much* water would run otF? 
Would it make any difference whether the soil was 
dry or wet at the beginning of the rain? Was the 
intake rate m the subsoil as high as that in the top- 
soil? In^a prolonged rain, would the intake rate in 
. the subsoil eventually limit the rate at which the 
entire soil absorbed water? 

The Public Health Service recommends that no 
soil for which the intake rate is less than. 2.5 cen- 
timeters per hour when the soil is wet should be 
used as a filter bed for discharging liquid sewage in 
aseptic tank filter bed* Is the soil you tested suitable 
for a filter bed? Base your answer, to this question 
on your subsoil results. 

'\. ' /' . , ■ ^ • . ■ ^ 

Sail Pore Space and 
WafeT'-Holding Capacity 

• ■ • ' 

While you. are waiting to take readings for the 
^percolatipn tests, you can collect samples for a 
determination of 4he amount of pore space tn the 
soil and therefore the important watef-holding 
capacity. V ' 

Detefniine the weight of water a tuna fish can 
will hold. Then push one of the empty tiina fish 
cans upside down into the topsoil. Remove it dare- 
fully with a shoWl and smooth off the soil so that 
thb can is levql full. With the other can do the same 
with the subsoil sample on which you ran the per- 
. eolation test. Can^ both samples to your' home or 
classroom for furtlftr work. , 



Place a piece jof cloth over the tcfp of ^ach iian 
aiid teeri it tightly enough to hokl Jibe' soil m the 
^cani whfen it is inverted t 

Tuni the cans over and remove ^U^^^ 
a can OFksher. Place the catis in a pan of water and 
let them soak |hofOughly. Now carefully put the 
saturated soil on a dishp weigh it to the nearest 0. 1 
gram, luid record this weight Next place the dish 
of soil in a warm .oven to dry. When the soil is dry, 
reweigh the dish^aiid record this we^lU^.The differ- 
ence 13 the weight of water contained in pore 
spaces of saturated soil Compare this weight to 
the weight of water in the empty cans. The ratio ij^ 
an estimate of how much pore space the soil you 

exumined contained. 

. ' ■ ' • / ■ " 

Qu^ons 

1) If the water from a 2.5^^^entimeter tain entered 
the soil, could all of it be retained itt the upj^r 

( meter of soil for later use by plants? What sdjout 
a^H^entimeter rain? 

2) Hhd the characteristics of the most intense 
rainstorm likely to occur in your , area o^r a 
ten-year i^riod. The XJ^. Weather Bureau in 
your area can help yoii. Gould your soil jpefmit 

-ihe water to enter rapidly enough to prevent 
[ runoff? If not» calculate the percentage of watfcr 
that would run off. Could the soil you studied 
^ retain this ;^ount of water in the upf^r meter 
if the soil were dry at the beginning of the storm? 

SUGGESTIONS FOR 
FURTHER STUDY 

Numerous additional studies of the soil can ^ bOf 
made- You may find the following suggestion^ in- 
teresting and be able to improvise or develop the 
procedures for carrying them oiit. t . 

J) Observe and count the aaimal life in. the soil 



Select a Sample where' the soil is moist and rich 
in oiiguiuc matter. Pew animals will observed 
iti cold soils; so make tWs study in Uie summer 
or fall. The presence of both animals and plants^ 
like fungi or molds, can best be observed after 
imxiHg ^iome bread criiqib^^nnto the soil and 
keeping it moist for a week * or two in ^ Avarm 
room. Many dormant plants and animals wjiU 
grow under these conditioits and will provide 
you with additional observations^ 

2) Observe the coatings on soil particles w\th a 
hand lenj^ or low-power (10-20) microscope, ^ 

3) Observe the intimate relationship bet\veen 
* grass' roots^ and soil particles by using a hand 

lens or low-powernnicroscope. 

4) pijg MP some leguminous plants such as beans, 
clover^ or alfalfa* hook for the small ncktules on 
their roots where bactena live that; obtain 
nitrogen directly from the air ahd thereby help 
supply it for the plants- ^ 

5) Obtain a soil survey report of your county from 
the Soil Conservation Service or the County 
Agricultural Extension Agent Find out the 
nahies and properties of some soils where you 
live. Can you identify the soil at the ^jlace where - 
you n^de the percolation test or collected the 
mini^.ture soil profiles? 
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A boriztn-^the surface layer of a soil, or the topsoil. 

Her^ the most biologTcal activity or retK^va) of 
^S. nmteriais by Nvaterv or both, occur. ' 
add jMiP^u sioit having an excess of hydrogen ions, 
H ^ ♦ over hydroxy I i6ris> OH ^» in the soil solu- 
tion. Its pH is ie^ than 7* 

4Hatreg#te— many soil particlaLformin« a mass with 
\ a charac^emtic i;h^, a& gtitnular/ blodky, or 
piaty/ * . ^ 

alkaiine soiI'-<^ soil having an excess Of hydroxy! 
ipns over hydrogen ions in tj^ soit solution. 
Its pH is greq^er than 7/ 
0 |ic^kaii--a\soii horizon, usuiily beaeath an A 
5 horizon, or surface soil t in which <1) clay^ irdn, 
\ or aluminum^ with accessory organic neuter, 
' have accunti^^ed by receiving suspended- 
material fronn the A horis^on alK>ve it or by clay 
development in pi^e; (2) the soil h^ a blbcky 
or prismatic stnjcture; or (3) the soil l^as i^ome 
combination : of these ;:fcatures. I n soils, with 
distinct profiles, tfie^^lB horizoii , is wHighly 

C h(»l2<Hir^th^ unipdnsoH^ rcick or^^arent ma* 
t^Hal fouiKl in^mediately uh^ 
B horiEQ|i. 

day-^^soit particks:^witb a dianu^ter tes& thiui„iK^ 

'min. ■ . ■ \r ■ ' 

iiiimu$--the.wellK^composed« more'or less stable 

part of the ot^anic matter of the s»}tl» found in 

the A horii^n or topsaiML 
imniature s(^— a young soil that lacks a wellHievel- 

0iped profile* . ^ * \ 
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t^i^as^i—rpmoy'al of sdubJe material by the pas- 
sage of water through the soil 

mature AnU-^si soil AVith welt-developed character- 
istics produced by the natural processes of 
soil formation, and In requifibrium with the 
environment. ' / 

parent materiid— bedrock or unconsolidated ropk 
from whichsoif develops. 

perealattoii-^ilownward moventent of water through 
soil|g> . ' r' 

pH scale— a way of describing the^^iditynof a sub- 
stance. , Very acidic materials have a pH of 0« 
neutral substances and very alkWine 
!4. pH is a function of the concentration of 
hydrogen ions. * 

R tHiii^r-.consolidated r(Kk or parent material 
found imrnediateiy underneath the 6 or A hori- 
zon. * j 

scm profite-^a vertical ^ction of soil through all itt> 

^ , -horizons and extending into the parent material* 

SQ^ stiHi^fure-^the way in which the indivtcfuai soil 
p^icle^ ^e atranged. Soil structure in most 
surface soils consists of rounded aggregates; 
in sid)fiSurface soils the aggregates are more 
arigu^^*or blocky.: : 

(iU— a dei psit of a mixture of eartK sand, gravel, 
and Ibulders transported by glaciers. Till is 
noVlayered . - 
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PS-1 Field Guide tp Rock Weatherlno 

f*Sr-2 Field Guld^ to Soils* ; 

PS-3 Field Guide to Layered Bocks 4 

'^P$-4 (Field Guide to. Fossils . ^ ' . 

PSrS Field Guld0 tpl^lutonic and Metamomhld 
Rocks 

PS-6 Color of Minerals . ' - / 

PSr7 Field Guide to* Beaches ^ 

?^S-8 field Guide tp taHes 

PS-9 Field Guide to Astronomy WitHbut a Teie- 
■ scope, • ^ .■ 



PS-10 Meteorites 
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